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Device for the UV Treatment of Flowing Fluids 

The present invention relates to a device for the UV treatment of 
flowing media, in particular to a device for the UV disinfection of 
drinking water or waste water, having the features of the pre- 
characterizing clause of Claim 1. 

Generic devices are known from the practice, for example from 
documents US 5,368,826, US 5,660,719, EP 068 7201 and WO 
00/40511. 

The general technical background of the present invention relates to 
UV disinfection systems. A distinction must firstly be drawn between 
UV disinfection systems comprising medium-pressure emitters, which 
are not the subject of the present invention, and systems of this type 
comprising low-pressure mercury UV emitters as specified in the pre- 
characterizing clause of Claim 1. The systems comprising medium- 
pressure emitters conventionally have few emitter units, which are 
distinguished by high UV radiation power with correspondingly 
increased electrical power consumption. As there are, in this case, only 
a few emitters, separate monitoring of each individual emitter is easily 
possible. In the case of medium-pressure emitters, the cost of this 
monitoring is low compared to other expenses and equipment costs. 
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A significantly larger number of emitters are used in systems 
comprising low-pressure emitters. Although these emitters respectively 
have lower UV radiation power, they require lower equipment costs 
than medium-pressure emitters and are also substantially more 
efficient, thus reducing operating costs. In some cases, systems of this 
type therefore comprise several hundred emitters, which are arranged 
as what is known as an array in one or more flow channels. These 
emitters are conventionally used and operated jointly when they are 
new. The service life of emitters of this type is approximately 8,000 to 
9,000 operating hours, i.e. about one year. After this time, the radiation 
power has decreased to the extent that the emitters have to be 
exchanged. The emitted radiation power is monitored by UV sensors, 
which monitor either the entire array or individual selected modules or 
groups of the array, as in the abovementioned documents US 
5,368,826, EP 068 7201 and WO 00/40511. These documents do not 
make provision for individual monitoring of all of the emitters. In 
practice, it is assumed that all of the emitters age uniformly. 

US 5,660,719 proposes one approach for monitoring individual 
emitters. In this device, a coil, which receives from the power supply 
the electromagnetic radiation of the emitter in operation and which is 
then separately evaluated, is allocated to each lamp. The emitted 
radiation intensity itself is also in this document measured via a single 
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UV sensor for a plurality of emitters, so the intensity signal is provided 
only for the overall array, while the information from the operating 
voltage is provided for each individual lamp. 

5 However, monitoring of the individual radiation power of each individual 

emitter is therefore possible only indirectly, as the supply voltage path 
does not provide a clear indication of the emitted UV radiation. It is 
therefore conceivable, for example, that, in the case of an electrical 
emitter, which is entirely intact from the point of view of gas inflation, 
10 the emitter tube or the cladding tube surrounding the emitter has only 

limited UV transparency and there is therefore less UV radiation 
available than is assumed according to the electrical parameters. 

The object of the present invention is therefore to provide a device for 
15 the UV treatment of flowing media, in which the radiation power of 

many low-pressure mercury emitters is individually monitored. 

This object is achieved by a device having the features of Claim 1 . 

20 Because provision is made to configure the element for supplying 

power to the emitter in such a way that an operating voltage or current 
that acts on the emitters during operation, and therefore the radiation 
flux for individual emitters or emitter groups that is emitted by the 
emitter, may be modulated, and because at least one unit, which is 
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connected to the sensor means, for monitoring the emitters is 
configured to evaluate a modulation contained in the UV radiation that 
is emitted by the emitters, it may be determined whether an emitter that 
is acted on by a specific modulation reproduces this modulation in the 
5 emitted radiation. A conclusion may thus be drawn regarding the 

operating state of the emitter acted on by the modulation. The 
operating voltage of each individual emitter may, for example, be 
modulated separately in such a way that each emitter may be checked 
individually. This modulation may simply be an amplitude modulation. 

10 

In the case of a method according to the invention for the operation of 
a UV disinfection device, the following steps are provided: 

a) supplying the emitters with an operating voltage for the 
15 purposes of ignition or firing and for the continuous operation of the 

emitters; 

b) modulating the operating voltage of at least one emitter; 

20 c) detecting the UV radiation that is emitted by the emitters using a 

UV sensor, which is capable of temporally resolving the modulation; 

d) evaluating the signal recorded by the UV sensor; 
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e) checking whether the modulation in the signal issued by the UV 
sensor corresponds to a desired value. 

This method allows the operating voltage of an individual emitter, a 
group of emitters or all of the emitters to be modulated simultaneously. 
If all of the emitters are modulated simultaneously and the modulation 
is carried out separately for each emitter (for example, at a different 
modulation frequency), all of the emitters may be monitored 
simultaneously during operation in that the sensor signal is evaluated 
with respect to the various types of modulation and the individual 
components are filtered out. 

It may also be provided that, during operation, the emitters are 
operated in a substantially unmodulated manner and, for checking an 
individual emitter, only this individual emitter is supplied with modulated 
operating voltage. If the modulation is then reflected in the sensor 
signal, the operating state of the emitter may be determined. All of the 
emitters may thus be checked in succession, and this may be repeated 
cyclically. 

The operating voltage of the low-pressure mercury UV emitters has, for 
example, a natural frequency in the range from 20 kHz to 1 MHz. The 
modulation of the operating voltage is in the form of amplitude 
modulation at frequencies in the range from 100 Hz to 100 kHz. 
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Adjacent emitters may be combined into groups, wherein the emitters 
of one group may jointly be modulated at similar frequencies, in 
particular at frequencies that are adjacent in a frequency grid. 

The invention further proposes an electronic power supply unit for a 
low-pressure mercury emitter, which unit is configured for applying a 
modulation to the operating voltage or the issued electrical power, 
preferably as a function of an external control system. 

An embodiment of the present invention will be described below with 
reference to the drawings, in which: 

Fig. 1 is a cross section, seen from the side, of a UV disinfection 
system for flowing water; and 

Fig. 2 shows the Fourier-transformed intensity spectrum as generated 
by the system according to Fig. 1 during operation. 

Fig. 1 illustrates schematically, in a cross section seen from the side, a 
device for the disinfection of flowing waste water. The flow of waste 
water 1 flows in a channel 2, from left to right as shown in Fig. 1. The 
waste water 1 is the outflow of a sewage treatment plant, i.e. waste 
water that has already been mechanically and biologically filtered and 
is substantially transparent, but may still contain microorganisms. 
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For the purposes of disinfection, UV emitters 3.1, 3.2, 3.3 and 3.4, 
which are known per se and have the construction of the low-pressure 
mercury UV emitters, are arranged in the channel 2. These emitters 
are tubular and extend, in Fig. 1, perpendicularly to the drawing plane, 
i.e. transversely to the direction of flow of the waste water 1. However, 
they may also be arranged perpendicularly or longitudinally in the 
channel 2. The UV emitters 3 are conventionally constructed in such a 
way that cladding tubes made from quartz surround and protect the 
actual UV emitters from deposits from the waste water and from 
mechanical damage caused by solids entrained in the waste water. 
Further emitter groups 4.1 to 4.4, 5.1 to 5.4, 6.1 to 6.4, 7.1 to 7.4 and 
8.1 to 8.4 are arranged downstream of the first emitter group 3. A UV 
sensor 10 is arranged approximately centrally in the emitter 
arrangement 3.1 to 8.4. The UV sensor 10 comprises a silicon carbide 
diode and is electrically connected to a control device 11. The control 
device 1 1 controls a number of electronic series connection or power 
supply units 13 via a connection line 12, an electronic power supply 
unit 13 being associated with each UV emitter. In Fig. 1, four respective 
power supply units are combined to form one unit and are associated 
with a group of four emitters. 

The power supply units 13 supply the UV emitters with an operating 
voltage, which has to have defined current and voltage paths for the 
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purposes of ignition or firing and for the operation of the UV emitter, via 
supply lines 14. 

For the low-pressure mercury emitters that are conventionally used, the 
supply voltage that is issued during operation by the electronic power 
supply units 13 is an alternating voltage having a frequency in the 
range from 50 to 1 00 kHz. 

Because the UV sensor 10 receives, as is known from the prior art, 
direct and indirect UV radiation from all of the emitters, it may not easily 
be determined whether a specific emitter has ignited and is radiating in 
the intended manner. 

In order to determine this, a specific power supply unit 13 is activated 
by the control device 1 1 in such a way that the operating voltage of the 
emitter associated with this control device is modulated at an amplitude 
modulation of, for example, 400 Hz and a range of also, for example, 
+/- 10% of the operating voltage. The intensity, which oscillates at the 
modulation frequency of 400 Hz, may be detected using the UV sensor 
10. Unlike in the case of conventional sensors, the UV sensor 10 is 
accordingly not provided with a low-pass filter, which conventionally 
cuts out frequencies above approximately 20 Hz in order to rule out 
effects of the mains frequency (50 Hz or 60 Hz). The UV sensor 
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according to the present invention, on the other hand, operates up to 
frequencies of at least several kilohertz. 

In order to evaluate the intensity signal that is received by the UV 
sensor 10 and forwarded to the control device 11, this signal is 
expediently subjected to a Fourier transformation, for example using 
the known FFT algorithm. Using this algorithm, the UV radiation 
spectrum, as it is received by the UV sensor 10, is broken down in 
terms of intensity and frequency. Fig. 2 illustrates a spectrum of this 
type. 

In Fig. 2, the Fourier-transformed signal of the UV sensor 10 is plotted 
as a frequency spectrum. The frequency is plotted on the X-axis, the 
relative intensity, in arbitrary units, on the Y-axis. 

In the case of the exemplary spectrum, the frequencies f3.1, f3.2 and 
f3.4 have approximately the same intensity, whereas the curve at the 
frequency f3.3 has a lower intensity. In the control device 11, this 
spectrum would then be evaluated in such a way that the emitter 3.3 
associated with frequency f3.3 does not convert the modulation signal, 
which has the same range in the operating voltage of all of the 
emitters, into a corresponding intensity modulation. This is an 
indication of the fact that the overall radiation power of the emitter 3.3 
is lower than that of the other three emitters of the emitter group. 
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The modulation frequencies of the remaining emitters 4.1 to 8.4 are not 
shown in Fig. 2. They are located, according to the illustration of Fig. 2, 
at different frequencies. The clarity of the frequency spectrum is 
improved if the modulation frequencies of adjacent emitters are similar. 
A modulation frequency of 400 Hz may, for example, be selected for 
the emitter 3.1; the emitter 3.2 would receive 450 Hz, the emitter 3.3 
500 Hz, and the emitter 3.4 550 Hz. The remaining emitters 
accordingly then receive higher modulation frequencies. The respective 
modulation is clearly allocated to the relevant emitter via the control 
system 1 1 and the individually activated power supply units 13. 

Although, in the case of the illustration according to Fig. 2, all of the 
emitters of an emitter group are modulated simultaneously, it may also 
be provided that emitters are modulated individually only for a short 
time. A modulation is then, for example, impressed on the emitter 4.1, 
while it is at the same time checked whether this modulation is 
detected by the UV sensor. In the Fourier-transformed spectrum, a 
curve similar to that in Fig. 2 then appears, and the absence of this 
curve is an indication of a failure of the emitter or an associated 
component. 

It may be seen from the illustration of Fig. 1 that not all of the emitters 
contribute uniformly to the signal received by the UV sensor 10. The 
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emitter 3.1, for example, is thus cut off, in the direct line of sight, from 
the UV sensor 10, whereas the emitter 5.2 directly supplies the UV 
sensor with radiation. It is therefore to be expected that the signal that 
is received only indirectly from the emitter 3.1 provides a smaller 
contribution to the total intensity received. In order to compensate this 
geometrical dependency and to calibrate the monitoring system, the 
following process may be carried out. 

Firstly, after installation, all of the emitters may be switched on without 
modulating their operating voltage. The modulation to the operating 
voltage may then be impressed individually for each emitter before it is 
checked and recorded what intensity the associated curve (f3.1 to f8.4) 
has. This curve may then be standardized as a 100% signal for the 
relevant emitter. If, over the course of time, the operating voltage has 
to be increased, due to ageing of the emitters, in order to ensure a 
constant UV intensity in the waste water 1 and the modulation is also 
altered proportionately, the intensity of the respective curve will not 
change. It may therefore be checked at any time whether an individual 
emitter is producing the provided intensity and whether the emitters of 
a group or all of the emitters in total are producing a uniform power, or 
whether some emitters decrease in power to a greater extent than 
others. Finally, it is possible individually to adjust the power of the 
separate emitters in order to achieve a uniform overall distribution of 
the radiation intensity in the waste water 1 . 
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In the case of larger systems than the disinfection system illustrated in 
Fig. 1, it may be necessary to use a plurality of sensors. This is 
particularly necessary if a plurality of channels 2, which are optically 
separated from one another, is provided in the disinfection device. 
Nevertheless, the advantage is maintained that there is no need for a 
separate UV sensor for each emitter and that, owing to the individual 
modulation frequency, the individual radiation contribution may be 
determined even during simultaneous operation of other adjacent 
emitters. 

The present embodiment proposed, as the type of modulation, 
amplitude modulation at a frequency of several hundred to several 
thousand hertz and a modulation range of +/- 10% of the operating 
voltage. Other types of modulation are also possible. The signal may, 
for example, be modulated to the operating voltage as a pulse 
modulation in the form of a pulse-width modulation. Other methods, 
which are better adapted to the selected type of modulation than the 
above-described Fourier transformation, may then be required for the 
purposes of demodulation. Band-pass filters, which purposefully filter 
out the modulation frequency from the total signal, may, for example, 
be used. 
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